Assessing the Condition of Coral Reefs and the Indicator Fish (Family: Chaetodontidae) in Coastal Waters of Jayapura City, Papua Province, Indonesia by Hamuna, Baigo et al.
EUROPEAN JOURNAL OF ECOLOGY 
E
u
ro
p
e
a
n
 J
o
u
rn
a
l 
o
f 
E
c
o
lo
g
y 
1
One of the most potential coastal ecosystems and giving more 
benefits was the coral reef. A coral reef is one of the important 
habitats that has high biodiversity and gives important benefit 
for people in many tropical areas. Coral reefs can be found in 
Indonesian waters because of its tropical climate, which is why 
it is very suitable for life sustainability and growth of coral reefs 
(Fadli et al. 2013; Saptarini et al. 2017). Indonesia’s biodiver-
sity of coral reefs is the highest in the world, approximately 
590 species of hard coral (Veron 2002) and some species of 
endemic coral (Rudi et al. 2009). More than 95% of reef spe-
cies amount that is recorded in Coral Triangle Center is found 
in Indonesia (Veron et al. 2009).
Pressure toward coral reefs in coastal areas was al-
ready in the level of worrying and threatening these resources 
(Burke et al. 2002). The condition also happened toward the 
coral reefs in coastal waters of Jayapura City. This could be 
caused by the coastal water of Jayapura City, which was the 
center of government and economy, including the center of de-
velopment in Papua Province that is still in developing progress 
nowadays. In accordance to the annual reports of the Depart-
ment of Maritime and Fisheries Affairs of Jayapura City, the 
area of coral reefs in the coastal water of Jayapura City was only 
about 12 ha in around the Yos Sudarso Bay waters and Youtefa 
Bay (DKP Kota Jayapura 2012). If it was compared to the area 
of other coastal ecosystems, then the area of coral reefs is very 
small compared to the area of mangrove forests and seagrass-
es in the coastal waters of the Jayapura City, namely, approxi-
mately 233.12 ha (Hamuna & Tanjung 2018; Rumahorbo et al. 
2019) and 110.83 ha (Tebaiy et al. 2014), respectively.
Monitoring the condition of coral reefs could be con-
ducted by several methods. The usage of several satellite im-
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ageries could be conducted for monitoring the coral reefs in a 
large area (Hedley et al. 2012; Wahidin et al. 2015; Lubis et al. 
2018). Monitoring the coral reefs could also be conducted by 
using the hydroacoustic technology (White et al. 2003; Walker 
et al. 2008; Hamuna et al. 2018). Both methods generally aimed 
to map the distribution and changes in area of coral reefs and 
not to determine the condition of coral reef coverages, coral 
lifeform, and coral species. The general method that could be 
used to determine the coral reef conditions, coral lifeforms, 
and coral species was direct observation by using the transect 
method (English et al. 1997; Annas et al. 2017; Paulangan et al. 
2019). Coral reefs condition could also be related to the abun-
dance of reef fish. Coral fish habitually responds to the habitat 
changes, mainly in coral reef coverages (Feary et al. 2007). One 
of the fishes that could be an indicator of coral reef damages 
was butterflyfish (Chaetodontidae fish) (Kulbicki et al. 2005; 
Khalaf & Crosby 2005). There were approximately 130 species 
of corallivorous fish (kind of fish that consumes live coral reef’s 
tissue) from 11 different families, where half of the amounts 
were included in Chaetodontidae fish (Cole et al. 2008). Chae-
todontidae fish is a type of fish that lives associating with coral 
reefs and is very sensitive upon changes and damage of coral 
reefs because it highly relies on coral reefs as food sources and 
shelters (Titaheluw 2011).
Up to this day, the information about the condition of 
coral reefs in the coastal water of Jayapura City is very measly. 
On the other side, the information about their condition is one 
of the important components in the management of coral reef 
ecosystems. Therefore, the judgment of location and coral reef 
conditions is very important to observe, where the obtained in-
formation can be beneficial for plans on the management and 
sustainability of coral reefs in coastal water of Jayapura City. 
The purpose of this study was to determine the condition of 
live coral cover in the coastal waters of Jayapura City, Indone-
sia. The result of this study was expected to be able to portray 
the condition that coral reefs in coastal water of Jayapura City 
had and able to be the input in managing the coral reef eco-
systems.
1. MATERIALS AND METHODS
1.1. Study area
This study area in the coastal water of Jayapura City, Indone-
sia, was conducted in Maret in 2019. Field data collection was 
carried out at three sites, namely, (1) Kayu Pulo Island (site 
S1) at coordinates 140°43′11.811″E, 2°32′33.66″S; (2) DOK II 
(site S2) at coordinates 140°43′2.056″E, 2°32′15.52″S; and (3) 
Tanjung Kayu Batu (site S3) at coordinates 140°44′52,078″E, 
2°32′16,169″S. The three study sites have different regional 
characteristics and utilization rates: DOK II and Kayu Pulo Island 
are close to residential areas, whereas Tanjung Kayu Batu is far 
from residential areas. DOK II coastal areas are often used as 
coastal tourism areas by residents of Jayapura City. The study 
site is presented in Figure 1.
Figure 1.  Study sites in coastal waters of Jayapura City, Papua Province, Indonesia; S1 = site 1, S2 = site 2, and S3 = site 3
.
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1.2. Data collection method
Data collections toward the presence of Chaetodontidae fish 
and the coral reefs’ coverages were conducted regularly. Both 
data collections were conducted by performing the SCUBA div-
ing along the transect line with the length of 50 m, in which the 
placement was parallel to the coastal line in 3 and 5 m depths. 
Data collection of coral reefs was performed us-
ing point intercept transect (PIT) method. This method could 
be used for determining live coral and dead coral coverages 
(Manuputty & Djuwariah 2009). This observation was conduct-
ed by recording the coral lifeform and other substrates that 
were found throughout the transect line, where the amount 
of every coral lifeform and other substrates that were under 
transect were recorded every 0.5 m. The observation method 
of Chaetodontidae fish used visual census method (English et 
al. 1997). The number of Chaetodontidae fish of every species 
was counted with a limitation of monitoring distance of 2.5 m 
on the left and right sides of the transect line. The identifica-
tion of Chaetodontidae fish species was carried out directly in 
the field (for a type of familiar fish during the observation) that 
refers to Allen et al. (2000). 
1.3. Data analysis
Analysis of coral reefs’ coverage was determined in accordance 
with the percentage of the presence of coral reef lifeform, 
namely, Acropora and non-Acropora. The percentage of these 
coral reefs’ coverage was calculated using the following equa-
tion (Manuputty & Djuwariah 2009):
The conditions of coral reefs were determined using the cri-
teria based on State Ministry of Environment Decree of the 
Republic Of Indonesia No. 4 of 2001 regarding standards of 
damage of coral reefs, namely, very good (75–100%), good 
(50–74.9%), moderately damage (25–49.9%), and severely 
damage (0–24.9%) (KLH 2001).
The condition of Chaetodontidae fish can be seen 
from the presence and abundance of Chaetodontidae fish spe-
cies. The presence of Chaetodontidae fish species can be ob-
served visually, whereas the abundance of Chaetodontidae fish 
species was calculated using the following formula (English et 
al. 1997):
where FA is the abundance of the ith fish species (individuals/
m2), ni is the proportion of the number of the ith fish species, s 
is the number of fish species, and A is the total of area (250 m2).
2. RESULTS AND DISCUSSION
2.1. Live Coral Coverages
The condition of coral reefs in the waters can be determined 
based on the percentage of live coral, which consists of Acro-
pora and non-Acropora lifeforms. The average percentage of 
the lifeform of coral and substrate in study sites is presented 
in Table 1. Acropora lifeform in Kayu Pulo Island, DOK II, and 
Tanjung Kayu Batu sites ranged between 6% and 7%, 0% and 
28%, and 16% and 32%, respectively. Non-Acropora lifeform 
in the third site ranged between 25% and 36%, 0% and 7%, 
and 28% and 40%, respectively. Especially for DOK II site at 6 
m depth, Acropora and non-Acropora is 0% because the condi-
tion of coral reefs in the depth had been damaged. The other 
substrate lifeforms, such as soft coral (SC), rubble (R), sand (S), 
death coral (DC), and death coral with algae (DCA), were found 
in high numbers in all study sites. Other (OT) lifeforms, such 
as Diadema sp., anemone, and ascidian, were also found in all 
study sites.
The result of this study describes the condition of 
coral reefs coverages in the coastal waters of Jayapura City. 
According to the State Minister of Environment Decree of the 
Republic Of Indonesia No. 4 of 2001 (KLH 2001), it was con-
cluded that the condition of coral reefs in coastal waters of 
Jayapura City, Indonesia, was classified as severely damage to 
good category (Table 2). The live coral coverage of 0% in DOK 
II site at 6 m depth was classified as severely damage category, 
where the substrate coverage was dominated by rubble and 
sand. The coral reefs in the Kayu Pulo Island site at 3 and 6 m 
depth and the DOK II site at 3 m depth were classified as mod-
erately damage category, meanwhile the coral reefs in Tanjung 
Kayu Batu site at 3 m and 6 m depth was classified as a good 
category. The results of this study are not much different from 
the condition of the coral reefs reported by Dinas Kelautan dan 
Perikanan Kota Jayapura (Department of Maritime Affairs and 
Fisheries of Jayapura City), in which the condition of coral reefs 
had reached out the average damage of 90.00%, which meant 
60.00% of severely damage, 30% of moderate damage, and 
only 10.00% of good condition (DKP Kota Jayapura 2012).
This low percentage of the coverages of coral reefs 
could result in the lowness of fish resources that lived in coral 
reefs, even the slightest loss of corals will cause a decrease in 
fish abundance. The decrease in the fish abundance of some 
species after the coral reef damage might point out that live 
coral was an important attribute from the coral reef habitat 
(Wilson et al. 2006). This thing could happen because live coral 
is an important habitat for some types of coral fish such as tar-
get fish groups, major fish groups, and indicator fish groups 
(Madduppa et al. 2012). Several impacts of the decrease in 
coral reef condition or even the loss of coral reefs toward reef 
fish could come about in a relatively short period of time, for 
instance, the decrease in physiological condition and reproduc-
tion activities (Pratchett et al. 2004), meanwhile for a longer 
period of time, this could engender the more decrease and 
lower abundance and diversity of fish (Wilson et al. 2006).
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In accordance with the study result, the Rubble life-
form was discovered in a large amount in the Kayu Pulo Island 
and DOK II sites. This circumstance could describe that high 
pressure and high interference upon the coral reefs were from 
human activities. Several activities that negatively impacted 
directly toward the coral reefs and is still going on up to this 
day inter alia tourism activities that damaged the environment 
by stepping on the coral reefs, throwing ship anchor in coral 
reef areas, and destructive fishing. Similar to the results of this 
study, the results of a survey conducted by Kubelaborbir (2015) 
were that the damage upon coral reefs in coastal waters of DOK 
II (S2 site) was brought by anthropogenic activities, particularly 
there was no awareness of the utilization of destructive fishing 
tools (e.g., the utilization of explosives and potassium for fish 
catching), domestic waste disposal into the sea, and also the 
existence of sedimentation from Anafri river that empties into 
that location. Community structures of coral reefs could be af-
fected by the impacts of anthropogenic activity, specifically in a 
residential area in a coastal area, and destructing fishing activ-
ity. The increase in the exploitation level could cause the dam-
age of reef fish habitat that triggers the decrease in reef fish 
diversity. Excessive and damaging fishing, contamination from 
runoff, and building construction in the coastal area were the 
Table 1. The frequency of the presence of coral lifeform and other substrates in each study site 
Lifeform Category S1-3 S1-6 S2-3 S2-6 S3-3 S3-6 Total
Acropora:
Acropora branching (ACB) 0 4 22 0 5 5 36
Acropora digitate (ACD) 0 0 6 0 4 7 17
Acropora encrusting (ACE) 6 1 0 0 4 4 15
Acropora tabulate (ACT) 0 2 0 0 19 0 21
Non-Acropora:
Coral branching (CB) 5 3 0 0 3 0 11
Coral encrusting (CE) 0 3 0 0 4 0 7
Coral massive (CM) 30 7 5 0 13 18 73
Coral mushroom (CMR) 1 3 2 0 3 3 12
Coral submassive (CS) 0 7 0 0 5 19 31
Heliopora (CHL) 0 2 0 0 0 0 2
Death coral (DC) 11 6 11 16 4 5 53
Death coral with algae (DCA) 3 3 8 12 1 3 30
Rubble (R) 8 33 30 28 10 8 117
Sand (S) 20 19 8 39 16 22 124
Soft coral (SC) 10 6 2 - 7 2 27
Other (OT) 6 1 6 5 2 4 24
Note: S1-3 = site 1, depth 3 m; S1-6 = site 1, depth 6 m; S2-3 = site 2, depth 3 m; S2-6 = site 2, depth 6 m; S3-3 = site 3, depth 3 m; S3-6 = site 1, depth 6 m
Table 2. Percentage of live coral coverage at each study site
Site Depth (m) Coral coverage (%) Category
Kayu Pulo Island 3 42.00 ± 13.18 Moderately damage
6 32.00 ± 2.13 Moderately damage
DOK II 3 35.00 ± 8.99 Moderately damage
6 0 Severely damage
Tanjung Kayu Batu 3 60.00 ± 5.55 Good
6 56.00 ± 7.48 Good
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most hazardous threats that could lead to the damage of coral 
reefs of around 20–90% (Burke et al. 2002, 2012).
2.2. The presence and abundance of Chaetodontidae fish
There were 9 indicator fish species of Chaetodontidae family 
that were found in three study sites during the survey (Table 3). 
The species of indicator fish that were discovered came from 
three genus were (1) Chaetodon genus consisted of 6 species 
Chaetodon auripes, Chaetodon baronessa, Chaetodon ephip-
pium, Chaetodon kleinii, Chaetodon octofasciatus, and Chae-
todon trifaciatus; (2) Forcipiger genus consisted of 1 species 
Forcipiger flavissimus; and (3) Heniochus genus consisted of 2 
species Heniochus acuminatus and Heniochus varius. The num-
ber of indicator fish that was recorded among all study sites 
was 95, of which the number of fishes from Heniochus genus, 
Chaetodon genus, and Forcipiger genus was 59, 34, and 2 indi-
viduals, respectively.
Therefore, the lowness of the number of Chaetodon-
tidae fish species that were discovered in this study was be-
ing thought to be more influenced by the lack of lifeform di-
versity of coral reefs that existed in the study site, compared 
to the percentage of live coral coverages. In accordance with 
the statement by Siringoringo and Hadi (2013), more diverse 
conditions of live coral lifeform will support the growth of vari-
ous types of reef fish. Live coral lifeform in the study site was 
only 4 for Acropora lifeforms and 6 for non-Acropora lifeforms 
with a low percentage of cover and were not found in all study 
locations (except CM lifeform), including the percentage of 
branched coral lifeforms (ACB and CB lifeform) quite low. This 
condition is probably the cause of the low number of species 
and individuals of Chaetodontidae fish.
Besides the factor of live coral lifeform diversity, the 
characteristics of each Chaetodontidae fish species also could 
determine their existence on coral reefs. For instance, H. acu-
minatus was Chaetodontidae fish that was the most discovered 
during surveys in all study sites. It could be due to this species 
included in planktivore was usually discovered in groups with 
a large number of individuals (Titaheluw 2011). H. varius was 
also found in quite a large number, because the group of He-
niochus species was a type of fish that likes to stay in reef slope 
areas (Bawole 1998), and this circumstance was appropriate 
with coral reefs in study sites, thus the presence of this species 
was quite high. C. kleinii is interested in coral reefs in the form 
of branching, whether as the predation area or as a sheltering 
area and also many were founded in waters with high bright-
ness levels (Hukom 2001). Chaetodontidae fish species could 
also be very specialized such as Chaetodon trifascialis that 
exclusively obtained foods from Acropora hyacinthus species 
(Pratchett, 2005) and Chaetodon melanotus was similar to soft 
coral (Cole et al. 2008). C. trifascialis and Chaetodon ornatis-
simus were not found during the survey because these species 
preferred good coral reef conditions in which the presence of 
this species could indicate that the condition of the coral reefs 
had not disturbance or it was still relatively good (Madduppa 
2006).
Besides giving the number of indicator fish, Table 
4 also provides the information on the Chaetodontidae fish 
abundance in coastal waters of Jayapura City. The highest 
abundance of Chaetodontidae fish around 0.164 ind∙m−² in 
the Tanjung Kayu Batu site and the lowest was around 0.046 
ind∙m−² in the DOK II site. Live coral coverages that were still 
in a good category in the Tanjung Kayu Batu site impact the 
higher abundance of Chaetodontidae fish, albeit the number of 
the abundance was not too different from Kayupulo Island site 
with the live coral coverages were in moderately damage cat-
egory. Live coral coverage is an important clue to the number 
and abundance of reef fish species, including the reef fish from 
the Chaetodontidae family (Garpe & Öhman, 2003), where the 
Table 3. The presence and abundance of Chaetodontidae fish at each study site 
Species
S1 S2 S3
n
i 
(ind)
3 6 FA
i
3 6 FA
i
3 6 FA
i
C. auripes − − 0 − − 0 + − 0.012 3
C. baronessa − − 0 + − 0.008 − + 0.012 5
C. ephippium − − 0 + − 0.004 − − 0 1
C. kleinii + + 0.02 − − 0 + + 0.024 11
C. octofasciatus − − 0 − − 0 + + 0.024 6
C. trifaciatus + + 0.024 + − 0.004 + − 0.004 8
F. flavissimus − − 0 − − 0 + − 0.008 2
H. acuminatus + + 0.088 + − 0.024 + + 0.072 46
H. varius + + 0.028 + − 0.016 + − 0.008 13
Total number of fish 29 11  14 −  24 17  95
Abundance (ind∙m−²) 0.160 0.056 0.164  
Note: S1 = Kayu Pulo Island site; S2 = DOK II site; S3 = Tanjung Kayu Batu site; 3 = 3 m depth; 6 = 6 m depth; FA
i
 = species abundance; + = present; − = absent
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highest fish abundance was very related to the condition of the 
coverage of live coral, which was still in good condition (Titahe-
luw 2011). Coral reefs that were still in good condition would 
provide abundant food sources for Chaetodontidae fish. It was 
caused by the cycle of Chaetodontidae fish life really depends 
on the living tissue of coral reefs polyp as a food source (Khalaf 
& Crosby 2005). Besides that, the distribution and abundance 
of reef fish in coral reef areas could be also determined by abi-
otic factors (Bawole et al. 2014).
3. CONCLUSIONS
The result of this study informs regarding the condition of coral 
reefs in coastal waters of Jayapura City, where coral reefs were 
confirmed as being in severely damage category to good cat-
egory. The highness of lifeform rubble could portray that there 
were high pressures and disturbances toward coral reefs that 
came from human activities. There were 9 Chaetodontidae 
fish species from Chaetodon genus, Forcipiger genus, and He-
niochus genus. The number of Chaetodontidae fish was 95, of 
which Heniochus acuminatus was the most dominant as many 
as 46 individuals.
The decrease in the condition of coral reef coverages 
would lead to a decrease in its functions as the habitat and the 
fish resource provider. This condition indirectly would impact 
on the decrease in the amount of reef fishery harvests and 
also the local fishermen’s incomes. With good management, 
it would impact on either increase in the quality of the envi-
ronment or the ecosystem for the preservation of coral reefs, 
which surely would immensely impact on the increase in the 
economic incomes and local society’s welfare.
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